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THE EFFECTS OF A CIRCUIT WEIGHT TRAINING PROGRAM 
ON BODY COMPOS ITION , MUSCULAR ENDURANCE ,  AND 
MUSCULAR STRENGTH IN UNTRAINED FEMALES 
Abstract 
Stephen M .  Woodden 
The e f fects of a c ircuit weight training (CWT ) 
program on body compos ition , muscular endurance ,  and 
muscular strength in untr�ined female s  were examined . 
S eventeen untra ined female subj ects volunteered for either 
the experimental group ( EG )  ( N=l 3 ) or the contro l group ( CG )  
( N=4 ) . Al l subj ects were pre and postte sted for tota l body 
we ight ( TBW ) , body dens ity ( BD ) , percent body fat ( %BF ) , 
lean body we ight ( LBW ) , muscular endurance ( ME )  , and mus­
cular strength ( MS ) . The EG participated in a CWT program , 
lifting a minimum of 4 0 %  of a one repeti tion maximum for 
3 0  s econds (12-15 repetitions ) at each station , and re sting 
4 0  s ec onds between s tations . Lifts were made at e ight 
stations for 3 c ircuits , 3 days per week , for 1 1  weeks . 
A S tudent ' s  t te s t  for corre lated means and an analy s i s  of 
variance were computed . The control group showed no s igni­
f icant change from pretest to pos tte st on any of the s ix 
variables measured ( TBW , BD , %BF , LBW , ME , MS ) . The exper­
imental group had no s ignif icant change in TBW but had a 
s ignif icant change (£< . 0 5 )  in BD , %BF , LBW , ME , and MS 
f rom prete s t  to posttes t . There was no s igni f ic ant dif­
ference in TBW. change between groups , but there was a 
s ignif icant difference in change for BD , %BF , LBW , ME , 
and MS between groups as a resul t of the CWT program 
implemented . 
ACKNOWLEDGMENTS 
I wi sh to expre s s  my thanks and appreciation to 
my the s i s  advisor , Dr . Jame s E .  Lidstone , for his  patience , 
support , guidance , and numerous hours  spent a s s i s ting me 
with thi s  the s i s . He he lped provide me wi th a valuable 
experience and a greater apprec iation for inte l l ectual 
growth . 
I a l s o  wish to thank Dr . John L .  Ewing , who pro­
vided so much encouragement , support ,  and unders tanding . 
Without his  help , thi s  inves tigation would not have been 
pos s ible . 
Thanks are also extended to the Heal th , Phys ical 
Education and Recreation faculty and staff for the ir 
support throughout the preparation of thi s  the s i s . 
A s pe c i al thank you i s  extended ·to my wife Sally , 
for her valuabl e  typing , understanding , support and en­
couragement . And also thanks to my son Eric , for be ing 
patient and under standing until play could re sume . 
iii 
TABLE OF CONTENTS 
LIST OF TABLES vi 
CHAPTER 
Page 
I. INTRODUCTION • • • . . • • . • • . . . . . . . • • . . • • . . • • • • • • • . . • .  1 
S tatement of the Problem . . . . . . . • • . • • • •  · • • • • . . . . 6 
S tati s tical Hypothe ses . • . . . • . • . • • . • . • • • • • • . . • . 7 
S cope . . • . . . . . • . . . . . . . • . . . . • . • • • . • . . • • • � • • . . . • .  8 
L imi tations • • . • • • • • • . • . . . . . • • . . • . . . • • • • . • • . • • • 9 
A s sumptions • . . • . . . • • • . • • • • • • • . . . • • . • • .. • • • . . . • • 10 
D ef  ini tion of Terms • • . • • . • • • • . . . • . . . • • • • . . • . . . 11 
S ignif icance of the S tudy . • • • • . • . • • • . • • . . • • • . .  13 
I I. REVIEW OF THE LITERATURE . • . • . . . . . . . . • • • . • • . . • . • .  15 
Underwater We igh�ng • . . . . . . . . . . . . • . . . • . . • . • • • . . 15 
C ircuit We ight Training Procedure s . . . . . . • • . . . .  20 
C ircuit We ight �raining and Phys iolog ical 
Changes . . . . . . • . . . . . . . . . . . . . . • • . . . . . • . • . • . . 25 
S urnmary • . • . . • • • . . • • • . • • • . • • • • • • • • • . . . . • • .. • � • . • 2 8 
I I I. METHODS AND PROCEDURES . . . • • • . • . . . . • . . . . . . • . • . . . • 2 9 
Organ i z ation of the S tudy • . . • • . • • . . . • . • • . . . • . .. 29 
D ata Col lection . • • • • . . • . • . . • • • . . • . • • • . . • • • . . • . 3 3 
Total Body We ight . • • •  � . . • . • • . . • • • • . • . . • . . .  3 5  
V ital Capac ity • . • . . • • . . . . . . • • • • . . . . . . . • • . .  3 5  
E stimated Res idual Volume . • . • . • • • . . • . . • • . .  3 6  
U nderwater We ighing • • . . . . . . . . . • . . . . . . . . . . .  3 6  
B ody Dens ity . . . . • . . . • • . . . . . . . . • . • . . . . . . . • . 3 8  
P ercent Body Fat • • . . . . . . . . . . . . • . . . . . . . . . . .  39 
Muscular Enduranc e . . . . . . . . • . . . . . . . . . . . . . . . 3 9 
Muscular Strength . • . . . . . • . . . . • . • • . . . • . . . . .  4 0  
D ata Analys i s  . • • • . . . • . . . . . . . . . . . . • • . . . . . • . . . . .  4 1  
IV . RESULTS AND DISCUSS ION . . . . . . . . • . . . . • . . . . . . • . • . • .  4 3  
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . 4 5  
T otal Body We ight . . . . . • . . . . . . . . . • . . • . . . . . .  45 
Body Density . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . 4 7 
P erc ent Body Fat . . . . . . . . . . . . . . . . . . . . . • . . . .  4 8  
Lean Body Weight . . . . . . . . . . . • . . . . . • . . • . . . . .  49 
Muscular Endurance . . . . . . . . . . . . . . • • . . . . . . . • 5 1  
Muscular Strength . . . . . . . . . . . . . . . . . . . . • . . . .  5 3  
D i scus s ion . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . .  5 4  
iv 
CHAPTER 
v. SUMMARY AND CONCLUS IONS 
Summary . • • • . • . . . • • . . .  
. � . . 
Conc lus ions • • • . . • • • • .  
I mplications for Future Re search 
REFERENCES 
APPENDICES 
A .  
B. 
c. 
Cons ent for Partic ipation 
Re search S tudy 
Medical C learance 














1. Descriptive S tatistic s  for the 
Exper imental Group . . • • . • • • • . • • • • • . • • • . • . . .  44 
2. Descriptive S tatistic s for the 
C ontrol Group • • • • . • . . • • . • • • • • • . • • • • • . . . • . .  45 
3. Summary for Analys is of Variance on 
Total Body Weight Change • • • • • • • . . . • • . . . . . .  46 
4. Summary for Analys i s  of Varianc e on 
B ody Dens ity Change . . . • • . • • . • • • . • • • . • • . . . .  48 
5. Summary for Analys i s  of Variance on 
P ercent Body Fat Change • . . . . • . . . • . • . . • . • • .  49 
6. Summary for Analysis of Variance on 
L ean Body We ight Change . . . • . . . • • • • • • • • . . • .  51 
7 .  Summary for Analys is of variance on 
Muscular Endurance Change . . . . • . . • • • • . • • . • • 52 
8 .  Summary for Analys i s  of Variance on 




Techno logical advance s  in the form o f  labor­
saving devices  have allowed us to l ive l if e  comfort-
ably and effortle s s ly . The modern Ame rican i s  typi ­
cal ly conf ined t o  a chair throughout the average workday 
and goes home " exhausted"7 only to s it for s everal more 
hours in front of the televi sion screen . Also  wi th the 
avai lab i l i ty and preparation of today ' s  food , we can eat 
what we want when we want . As a resul t , our modern life­
s tyle seems to foster unf itne s s . 
The results of our sedentary and indulgent life­
style can be seen through the increase in obe s i ty and 
heart related problems , particularly coronary di sease 
(Getche l l , 1 979 ) . Dr . Thomas Cureton ( 1 9 6 9 ) noted that 
middle-aged characteri stic s have begun to reveal them­
selve s in many Americans in the ir mid to late twenties . 
We have become inundated with a variety of health-re lated 
information from surveys , books , c l inic s , government re­
ports , and the te levi s ion media inc luding but not limited 
to such top ics a s  aerobic exerc ise and danc e , jogging , and 
we ight training . The popular phys iological f i tne s s  
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components gaining attention as a result of the abun-
dance of health-related information include : body composi­
tion, c ardiovascular endurance, muscular endurance and 
strength, and diet inc luding caloric intake and expenditure 
( Corbin , Dowe l l , Lindsey, To l son, 1 9 8 3 ; Riley & Peterson , 
1 9  79 ) • 
As a re sult of the availability of health-related 
information in the last few years , our concern about fit­
nes s has increa sed . Consequently, we desire more knowl­
edge about f i tne s s  and exerc ise  programs. To counter the 
changes made by modern technology, exerc i se mus t  be pro­
grammed into our dai ly lifestyle. 
A recent survey indicated that 9 0 %  of al l Ameri­
cans·bel ieve that partic ipation in some kind of regular 
phys ical act iYity i s  important ( Corbin & L indsey, 1 979 ; 
Corbin e t  al . ,  1 9 8 3 ) . More people are now reali z ing the 
value of being phys ically ac tive and feel ing phy s ically 
fit  regardle s s  of age or physical deve lopment. Regular 
exerc ise  i s  nec e s s ary to develop and maintain an optimal 
leve l of health , performance , and appearance ( Pol lock , 
Wi lmore , Fox 1978 ; deVrie s ,  19 8 0 ; Mcintrye , 1 9 67 ;  Berger , 
1 9 8 2 )  . 
The phys ically educated person recogni z e s  the role 
of exerci se and phys ical ac tivity in dai ly l i f e . A recent 
survey indicated that 5 9 %  of American adults  now partic i­
pate in some form of regular phy sc ial exerc i s e  a s  compared 
with 2 4 %  twenty years ago ( Harris  & As soc iate s , 1 979 ) . 
The data continue to support the notion that regular and 
vigorous phy s ical activity is  the bes t  way to insure a 
long and product ive life . Exerc i se is  actual ly our cheap­
e st and mos t  enj oyable form of preventive medic i ne 
( Ge tche l l , 1 979 ) . 
Phy s ical f i tne s s  is not an end in i ts e l f  but a 
means to an end . I t  provide s us wi th a bas i s  for opti­
mal phys io logical health and the capac i ty to enj oy a ful l 
life . Rec ently , total fitne s s  or total we l l -be ing has 
emerged as a popular theme in the scholarly and popular 
l iterature ( Cooper , 19 8 2 ; Corbin & Lindsey , 1 979 ) . Dr . 
Kenneth Cooper ( 1 9 8 2 )  identifies total we l l - being as more 
than j us t  regular exerc ise  or phys ical we l l- being , but 
also dietary , emotional , and spiritual we l l- being . The 
total wel l-being or wel lne s s  concept has achieved some 
notoriety in recent years as we have become inc rea�ingly 
aware of the bene f its of exerc ise . As a re sult , various 
types of condi tioning programs have surf aced in order to 
meet the demands of the consumer . 
Women are becoming more intere sted and wil ling to 
participate in a variety of phys ical activities that can 
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provide a general conditioning effect. Soc ietal value s 
have changed suf f iciently to allow women to partic ipate in 
phy s ical exerc ise  free from the soc ial stigma once attached 
to such partic ipation. As a re sult , an area once dominated 
by men is now seeing inc reas ing number s  of f emale partic i ­
pants. A conditioning activity that has gained p9pularity 
among women in recent years is  weight training ( Ri ley & 
Peterson , 1 979 ) . The mi sconceptions that were onc e as soci­
ated with we ight training_ are on the dec l ine , particularly 
thos e  assoc i ated with muscle hypertrophy in women. S everal 
s tudies have indicated that musc le hypertrophy , at most , 
i s  only minimal for women involved in a we ight training 
program ( Brown & Wi lmore , 1 974 ; Mayhew & Gro s s ,  1 974 ; 
S anders ,  1 976 ; Kel ly , 1 9 6 4 ; Larson , 1 9 67 ) . 
An innovative type of training program deve loped 
by R. E. Morgans and G .  T. Adams in 1 9 5 3 , at the Univers ity 
of Leeds , England , i s  circuit training ( Morgan & Adams , 
1 9 6 1 ) . C ircuit training emphas i z es total f i tne s s. through 
the deve lopment of s trength , power ,. muscular endurance ,  
spe ed , agi l i ty , neuromuscular coordination , f lexibiiity , 
and cardiova scular endurance (Wi lmore , 1 9 8 2 ) . C ircuit 
training as identified by Wi lmore ( 1 9 8 2 ) , is a formal type 
of training that requi re s the individual to go through a 
series of selected exerc ises  or activi tie s  that are 
performed in sequence or in a c ircuit. There are usually 
6 to 1 0  s tations in a circuit. The athlete performs a 
spec if ic exerc i s e  at each station and then proceeds to 
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the next s tation in the s equence or c ircuit. The premise 
underlying c ircuit training i s  to progre s s  through the 
circui t as rapidly as pos s ible , attempting to improve by 
decreas ing the total time required to complete the circuit , 
by increas ing the amount of work accompl i shed at each sta­
tion , or via a combination of the two. Allen , Byrd , and 
Smith ( 1 9 7 6 ) , merged the circuit training concept with 
traditional weight training into a form of  training now 
referred to as  c ircuit weight training. 
C ircuit weight training involve s a c ircuit  or 
series of we ight lifting stations , usually 6 to 1 0 . Work­
loads range from 4 0  to 6 0 %  of the maximal amount of weight 
that can be l i f ted at one time--a one repe t i t ion maximum. 
The lifting per iod i s  approximate ly 3 0  s econds at each 
station with 15 to 6 0  seconds re st between s tations . 
Usually two or three c ircuits are completed in the time 
span of 3 0  minute s or less. Thi s type of training program 
can produce inc reases in V02max , muscular enduranc e ,  mus­
cular strength , and f lexibility , as wel l  as  change s in 
body compos i tion ( Gettman & Pollock , 1 9 8 1 ) . 
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The direction and magnitude of the aforementioned 
change s are dependent upon how the circuit wei ght training 
program i s  implemented. The available re s earch on c ircuit 
weight training shows an inconsis tency in the ef fects on 
women. The major areas of concern lie in body compo s i tion, 
s trength , and muscular endurance (Mayhew & Gro s s, 1 9 7 4 ; 
Gettman & Pol lock, 19 8 1 ) . For the mos t  part, the c i rcui t 
weight training programs examined differed in  program de ­
s ign . The number and typ�s of s tations , re s t  time between 
each s tation, number of repetitions , number of c ircui ts, 
and the length of the program have all var ied f rom one 
s tudy to another. 
The inc reas ing interest among women in modifying 
body compo s i tion through weight training coupled with the 
incons i s tenc y  of f inding s  in the literature regarding the 
bene f i ts of such training make an inve stigation of c ircui t 
we ight training as a means of modifying body compo s i tion , 
muscular endurance, and muscular strength time ly . 
S tatement of the Prob lem 
Thi s s tudy has as its main objective to determine 
whether body composi tion can be altered through the im­
plementation of a c ircuit weight training program . More 
spec if ical ly , the re search wil l  addre s s  what effects a 
circuit weight training program wi l l  have on body composi­
tion , ( total body we ight , body density , percent body fat , 
and lean body_ we ight ) , muscular endurance ,  and muscu lar 
strength in untrained females. 
S tati stical Hypothe ses 
The spec i f ic nul l  research hypoth e s e s  to be te sted 
are as follows : 
1 .  There wi l l  be no significant change in total 
body weight attributable to a circuit we ight training 
program. 
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2 .  There wi l l  be no signif icant change in body 
dens ity attributable to a circuit we ight training program. 
3 .  There wi ll be no s ignif icant change i n  percent 
body fat attributable to a circu it weight training program. 
4 .  There wi l l  be no s ignif icant change i n  lean 
body weight attr ibutable to a circuit weight training 
program. 
5 .  There wi ll be no s ignificant change in muscular 
endurance attr ibutable to a circuit we ight training pro-
gram. 
6 .  There wi ll be no significant change in mus ­




Thi s  s tudy seeks to examine the effects of  a cir­
cuit weight training program on body compo s i ti on , muscular 
endurance , and muscular strength in untrained females . The 
research was conducted dur ing the spring semester of 1 9 8 4  
at S outh Dakota S tate University . The sub j ects i n  the ex­
perimental group ( N= l 3 ) and contro l group (N= 4 ) were vo l­
unteers from the female populations of South Dakota State 
Univer s i ty and the C ity of Brooki ngs , South Dako ta . All 
sub j ects were untrained , in that they had no t be en invo lved 
in more than 2 0  minutes of condi tioning ac tivi ty per week 
for the s ix months prior to the s tudy . 
A c i rcuit we ight training program , using a Uni­
versal Gym Machine , was implemented to determine the ef­
fects  on total body we ight , body dens ity , perc ent body 
fat , lean body we ight , muscular endurance ,  and mu scular 
strength . The c ircuit we ight training program cons i s ts of 
exerc i s ing three days per week at a minimum workload of 
4 0% of one repeti tion maximum , lifting for 3 0  seconds at 
each of the eight stations and resting 4 0  second s  between 
s tations . 
Equipment used to collect the data i nc luded: 
( a ) Toledo S cale , ( b )  S tead-Wells  1 0  l i ter s p irometer , 
( c )  Univer sal  Gym Machine , ( d )  underwater weighing tank , 
( e )  Chat i l lon 9 k i logram autopsy scale , ( f )  swing chair , 
( g )  s norkel and nose c l ip , and ( h )  Franz electronic met-
ronome . The S tanley J. Marshall HPER Center at S outh 
Dakota S tate Univer s i ty , Biookings , South Dakota was the 
data col lection s i te for this study . 
Limitations 
The following are set forth as pos s ible l imita­
tions of thi s  research: 
1 .  E s timating res idual volume f rom vital capac ity 
may not represent a "true " measurement of res idual volume 
( Katch & Katch , 1 9 8 0 ) . 
2 .  The mechanical scale mechani sm u sed fo� under­
water weighing may give incons i s tent reading s  (Kat�h & 
Katch ,  1 9 8 0 ) . 
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As sumptions 
For the purpose of thi s i nvestigation , i t  i s  
acknowledged that the following are as sumptions on the 
part of the i nve s tigator : 
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1. All subjects were untrained , that i s , they had 
engaged i n  les s  than 2 0  minutes of conditioning activity 
per week for s ix months prior to the inve s tigation . 
2 .  All sub j ects performed a maximum inspiration 
and expiration on the spirometer in determi ning vital 
capac i ty .  
3 .  During the conditioning program , all  sub j ects 
performed maximal ly during the 3 0  second l i f ting period . 
4 .  Sub j ec ts in both the exper imental and contro l 
groups maintained normal dietary habits . 
5 .  Sub jects in the exper imental group were in­
vo lved only in the prescribed exerc i se , the c ircuit weight 
training program . 
6 .  All sub j ec ts abstained from food , drink , or 
smoking for at leas t  two hour s prior to underwater weigh­
ing. 
7 .  All sub j ects eliminated waste from their 
bladders and bowel s prior to underwater weighing . 
8 .  All subjects were underwater weighed seven 
days prior to or fol lowing menstruation . 
9 .  Subjects in the control group remained in­
active for the duration of the study . 
1 0 . All subjects exerted maximal effort during 
the mus cular endurance and muscular strength tes t s . 
Def inition of Terms 
The following terms wi l l  be operationally defined 
for the purposes of thi s  study : 
Body Compo s i tion 
Body composition is defined as the makeup of the 
human body i nc luding fat and lean ti s sue ( Lamb , 198 4) . 
Body Density 
Body dens ity i s  the weight of the body in grams 
per unit of body volume in mi l l i l i ters ( Lamb , 198 4 ) . 
C ircuit We ight Training 
C ircuit  we ight training is  defined a s  a series of 
weight l i f ting s tations completed in a cons ecutive manner 
wi thin a spec if ied amount of time (Al len et al . ,  1 9 7 6 ) . 
Fat We ight 
Fat we ight i s  the amount of body weight composed 
of adipose t i s sue ( McArdle , Katch, & Katch, 1 9 8 1 ) .  
1 1  
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Lean Body Weight 
Lean body weight i s  calculated as body weight minus 
fat weight ( McArdle et al . ,  198 1 ) . 
Percent Body Fat 
Percent body fat is defined as the percentage of 
body weight that is composed of adipo se ti s sue . Percent 
body fat can be determi ned from body dens � ty using the 
formula devi sed by S iri ( 196 1 )  . The equation for calcu­
lating percent body fat will be presented elsewhere in the 
paper . 
Repetition Maximum 
A repeti tion maximum i s  the maximum amount of 
weight that can be lifted in one repetition ( Wi lmore , 
198 2) . 
Res idual Volume 
Res idual vo ltime cons i s t s  of the vo lume of air re­
maining in the lungs following a maximal expiration (Fox 
& Mathews , 198 1 ) . 
Total Body Weight 
Total body weight refers to the weight of the en­
tire body inc luding fat and lean tis sue ( Fox & Mathews , 
1 9 8 1 ) . 
Vital C apac i ty 
Vital capac i ty represents the volume of air that 
can be maximally expired after a maximal inspiration ( Fox 
& Ma thews , 198 1) . 
S iqnif icance of the S tudy 
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C ircuit  weight training i s  becoming a recognized 
and widely used general cQnditioning activity because of 
its attention to more than one fitnes s  component ( Wilmore , 
Parr , Girando la et al . ,  1978 ) . Through c ircu i t  weight 
training it i s  pos s ible to increase the caloric costs of 
exerc i se and produce improvements in more than one aspect 
of f itnes s  ( Katch & McArdle , 198 3 ) .  A program o f  c ircuit 
weight training has been shown to affect muscular endur­
ance , muscular s trength , body composition , power , and car­
diovascular endurance ( Wi lmore , Parr , Girandola et al . ,  
197 8 ; Wi lmore , Parr , Ward et al . , 19 7 8 ) . A variety of 
c ircui t  weight training programs have been devel oped and 
their physiological benefits assessed, however the r�sul ts 
have been inconc lus ive bec ause of a variety of bas ic pro­
cedural incons i s tenc ies among studies . As identif ied by 
Gettman & Pol lock (198 1 ) ,  the maj or dif ferences in c ircuit 
weight training programs l ie in  the amount of  weight lifted 
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a t  each s tation , the number of s tations inc luded i n  a cir­
cui t , the number of c ircuits involved in the program , the 
amount of time or repetitions required during each l i f t­
ing s tation , the amount of rest time between s tations , and 
the total time involved to complete the spec ified number 
of s tations and c i rcuits . Thi s  factor coupled with the 
recent popularity of weight training among women and the 
des i re to contro l and modify body compo s ition were the 
principal motives behind thi s  investigation . 
The research wi l l  attempt to determi ne whether a 
circui t weight training program can alter body composition 
( total body weight , body dens ity , percent body fat , lean 
body weight ) and inc rease muscular endurance and muscular 
strength in untrained females . I t  i s  the hope of  the in­
ves tigator that the results of thi s  study wi l l  provide some 
ins ight into condi tioning , body compos ition , muscular en­
durance , and muscular strength as a resul t of the implemen­
tation of a c ircuit weight training program involving un­
trained females . 
CHAPTER I I  
REVIEW OF THE LITERATURE 
Ris ing awarenes s of the importance of body com­
pos i tion has-stimulated interes t in a variety of methods 
for control l i ng body composition . A method that has been 
s tudied recently i s  circui t weight training . What follows 
is a sys tematic review of research and wri ting which the 
author fee l s  to be relevant to the study at hand . For 
ease of presentation , the review of literature has been 
divided into the fol lowing categories : ( a )  underwater 
weighing , ( b )  c ircuit weight training procedures , and 
( c )  c ircuit weight training and physiological  changes . 
Underwater Weiqhing 
Underwater weighing i s  one of the mo s t  widely 
used method s of determining body volume ( Lamb , 198 4 ) _ . 
An accurate estimate of body composition c an be obtained 
through underwater weighing (Wilmore , 198 2 ) .  Body volume 
is  equal to the los s of weight in water wi th appropriate 
temperature correc tions for the density of the water 
( Katch & McArdle , 198 3 ) .  Body vo lume is used to determine 
body dens ity from the relationship of . mas s  to volume , 
i . e .  dens ity = ma s s/volume ( Fox & Mathews , 198 1 ) . 
Underwater weighing is  based on Archimede s' 
Pr�nc iple th�t an object immersed in a f lu id loses  an 
amount of weight equal to the· weight of the f luid which 
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is di splac ed ( Fox & Mathews , 198 1 ) . When weighi ng an 
individual submerged , the total body volume in mi l l i ­
liters i s  equal t o  the loss o f  we ight i n  water in grams . 
At 4 ° C there i s  a one-to-one ratio between volume and 
we ight , that i s  to say , one gram of water a s sume s the 
volume of one mi l l i l iter ( Michae l , Burke , & Avakian , 1979 ) . 
As the temperature.of the water increase s ,  volume in­
creases a s  dens i ty decrease s .  Consequently , i t  become s 
nece ssary to use a water correction factor to correc t 
for the densi ty of the water when weighing a submerged 
objec t ( M ichael et  al . , 1979 ) . 
Although underwater weighing i s  wide ly accepted 
as the "state-of-the-art" measurement tool for determining 
body dens ity , Katch and Katch (1 9 8 0 ) identi f i ed three pro­
blem areas that could affect body dens ity score s . The 
f irst  area of concern has to do wi th body weight . I n  a 
test-retest situation Katch and Katch (1 9 8 0 ) found that 
only s light f luc tuations in body weight occurred over a one 
to two hour period without exerc ise . As a result they 
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conc luded that any observed f luc tuations i n  body weight 
mus t  be due to the inconsi stency of the scale mechanism , 
observer error , or within- sub j ect variation . To illustrate 
thi s the inve stigators pointed out that maintaining a con­
s tant res idual vo lume of  1 . 2  liters and underwater we ight 
of 5 .  0 kg f rom te st  to ret·e s t , a 0 .  5 kg di f f e rence in body 
weight in an individual weighing 7 0  kg would affect the 
computed dens ity by only 1 . 3 % .  Heavier persons ( 1 0 0  kg 
range ) wou ld show an even_smal ler change , approximate ly 
0 . 0 3 %  change in density and 0 . 2 % change in c omputed body 
f at , indicating a re latively ins ignificant - d i fference from 
a biological perspective . 
The second problem area has to do with the diffi­
culty in determining a " true " underwater wei ght . The 
diff iculty l ie s  in the abi l i ty of the sub j ec t  to : ( a )  re­
move a maximum amount of air cons i stently from the lungs, 
and ( b )  remain motionless under the water for a period of 
5 to 10 seconds after a maximum exhalation to permi t ac­
curate scale readings . 
Re searchers disagree on the number of  trials· 
neces sary to obtain a stable measure as we l l  as the means 
by which you dete·rmine the criterion measure of  underwater 
we ight . S everal studies suggest that 10 tr i a l s  provide 
an adequate approximation when us ing the mean of the last 
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3 trials , s ince there is  a learning phenomenon assoc iated 
with succe s s ive trials ( Katch , 1969 ; Katch , Michae l , & 
Horvath , 196 7 ; Wel tman & Katch , 198 1 ; McArdl e  et  a l . ,  
198 1) . Henry (196 7 )  found that us ing the mean weight was 
more s tati s tical ly sound than using the heaviest weight 
recorded . Katch ( 1969) conc luded that 10 trials should be 
suf f ic ient to provide an accurate approximation of under­
water weight , however he reported that 4 0 %  of his subjects 
had not shown a leveling o�f of the learning curve at the 
end of thos e  1 0  trial s . He sugges ted- proceeding for an 
additiona l  5 trial s or until the learning curve s tabi l i z ed .  
A d i f ferent approach was noted by Wi l more (1969 ) 
and Wi lmore and Behnke ( 1969 ) • They sugge s ted us ing three 
criteria for determining underwater we ight : ( a) s e lect 
the highes t  obtained we ight if i t  is observed more than 
twice ,  ( b )  s el ec t  the second highest weight i f  i t  i s  ob­
served more than once and the f irst  cr iterion is not met ,  
and ( c )  se lect the third highest we ight i f  the f ir s t  two 
criteria are not met . I n  addre s s ing this concern , -Katch 
and Katch ( 198 0 )  conc luded that us ing the average of the 
last three tr ial s i s  a more dependable measure and should 
be used when re s idual volume is determined separate ly from 
underwater we ighing . 
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The third problem area deals with obtaining an 
e stimate of res idual volume . The two methods of e stimating 
res idual vo lume that have been used extens ive ly for the 
past 3 0  years are c losed and open circuit oxygen or helium 
approaches ( Wi lmore , 19 6 9b ) . Katch and Katch {1 9 8 0 )  re­
ported that determining re s idual volume f rom some percent­
age of vital c apac ity could result in error and overestima­
tion of percent body fat . However ,  Wi lmore ( 1 9 6 9 a )  stated 
that thi s  error i s  cons idared neg ligible for a normal popu­
lation . I n  a s tudy by Wi lmore ( 1 9 6 9 a )  , 6 9  male and 1 2 8  
f emale sub j ects  were expo sed to three dif ferent methods for 
e stimating res idual volume in calculating body density . 
For some of the sub j ects actual re s idual vo lume was meas­
ured by the c losed-circui t oxygen di lution method . For 
another group e stimated re s idual volume was determined 
from vital c apac i ty us ing the cons tant value of 2 8% 
for females  and 24% for males and multiplyi ng by vital 
capac ity . F inal ly , for the remaining sub j ec t s  an esti ­
mated cons tant re s idual vo lume of 1 0 0 0  m l  f o r  females and 
1 3 0 0  ml for males was used . The re sul ts of the s tudy 
indicated that no stati stically significant differences 
were found on the measures of body dens ity u s ing ac tual 
res idual vo lume , e s timated re sidual vo lume or cons tant 
res idual vo lume . 
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Circuit Weight Traininq Procedures 
C ircuit we ight training has modified the tradi tion­
al s trength training approach by deemphas i z i ng heavy muscle 
overload ( Wi lmore , 1 9 8 2 ) . Thi s makes it pos sible to in­
crease the caloric cost of exercise , thus improving more 
than one aspect of f i tnes s  such as muscular endurance , mus ­
cular s trength , body compos ition , cardiova scular endurance , 
and f lexibi l i ty (Katch & Katch , 1 9 8 3 ; McArdl e  et a l . ,  19 8 1 ;  
Wi lmore , Parr , Girando la et al . ,  19 7 8 ; Gettman , Ward & 
Hagan , 1 9 8 2) • 
Gettman et al . ( 19 8 2 )  identified in their study 
comparing a combined running and c ircuit we i ght training 
with a c ircui t weight training program that both programs 
were very effec tive and equal in the improvements observed 
for maximum aerobic power , strength , and body compos ition . 
Gettman , Ayer s , Pol lock , and Jackson ( 1 9 7 8 ) conc luded from 
their s tudy on the ef fects of circui t weight training on 
s trength , cardiore spiratory function , and body composition 
that the ir circuit weight training program was mos t  spe­
c if ic in improving s trength and changing body composition 
and produced only a small  aerobic effect as measured on 
the treadmi l l  running tes t .  
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Al len e t  al . ( 1 9 7 6 ) identified through the ir study 
on the hemodynamic consequences of circui t we i ght training 
that not a l l  types of exerc ise  which elic i t  relatively 
high heart rates are of the same value in training the 
cardiovascul ar sys tem . They indicated that their circuit 
weight training program appeared to have no e ffect on the 
c ardiovascular sys tem whatsoever . Conversely , Gettman and 
Pollock ( 1 9 8 1 )  reported that circuit weight training can 
improve cardiore spiratory �ndurance ,  body compo s ition and 
s trength . I t  was also noted that circuit we i ght training 
does not deve lop a high leve l of aerobic f i tnes s ,  but it 
c an he lp mai ntai n  f i tne s s . 
Wi lmore ( 1 9 8 2 ) identif ied circuit we i ght training 
a s  a reversal of the s low and heavy traditional we ight 
training program . Circuit weight training program s  in­
corporate a reduced we ight with short re s t  interval s  be­
tween stations . A minimum of 6 weeks of c ircui t  weight 
training is required before appreciable resul ts are ob­
tained ( Fox & Mathews , 19 8 1 ) . I t  i s  generally agreed 
upon by mos t  res earchers in thi s  field that a c i rcuit 
we ight training program of 1 0 - 1 5  weeks wi l l  produc e 
measurable e f fec ts ( Gettman & Pol lock , 1 9 8 1 ;  Wi lmore , 
Parr , Girandola et al . ,  1 978 ) . 
The number of stations vary from s tudy to s tudy 
with the intent of exerc is ing the maj or mu scle  groups of 
the body . The number of s tations reported in the litera-
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ture ranged from 6 -8 ( Wi lmore , 1 9 8 2 ) , 6 - 1 5  ( Fox & Mathews , 
1 9 8 1 ) , 8 - 1 2  ( Katch & McArdle , 19 8 3 ) , and 8 - 1 5  ( McArdle et 
al . , 1 9 8 1 ) . The idea behind invo lving more s tations in 
a c i rcui t we ight training program is to inc rease the 
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caloric energy expendi ture making the workout more of an 
aerobic program ( Wi lmore , Parr , Ward et al . , 1 9 7 8 ) . I t  
appear s that the f ewer the stations i n  a c ircuit weight 
training program , the les s effect there was on the cardio-
respiratory system ( Gettman & Pol lock , 1 9 8 1 ) . 
S ome research_ers advocate a particular number of 
repetitions ranging from 8 - 2 0  per station ( Katch & McArdle , 
1 9 8 3 ; Gettman et al . ,  1 9 7 8 ; Gettman , Cul ter , & S trathman , 
1 9 8 0 ; Gettman & Pol lock , 19 8 1 ; Gettman , 1 9 7 8 ) . The lower 
range s of repetitions ( 8 - 1 2 ) appeared to have l i tt le ef fect 
on aerobic capac i ty , but when higher range s of repetitions 
were implemented ( 1 5 - 2 0 )  some aerobic effects were �vi-
denced ( Gettman & Pol lock , 1 9 8 1 ; Gettman et al . , 1 9 7 8 ) . 
Other re searchers recommend operating with in a spec ified 
time frame of 3 0  seconds for lif ting at each s tation 
( Wi lmore , 1 9 8 2 ;  McArdle et al . , 19 8 1 ; Wi lmore , Parr , 
Girando la et al . , 1 9 7 8 ; Allen et al . , 1 9 76 ;  Wi lmore , Parr, 
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Ward e t  al . ,  1 9 7 8 ) . I t  was noted that allowing sub j ects 
to lift as many repetitions as pos s ible wi thi n  a 30 second 
time frame would tax each sub j ect suff ic iently to incor- · 
porate an aerobic effect that would create greater caloric 
energy expenditure ( Wi lmore , Parr , Girando la et a l . ,  1 9 7 8; 
Al len et al . , 1 9 7 6 ; Wi lmore , Parr , Ward et al . ,  1 9 7 8 ) . 
The amount of we ight lifted at each s tation in 
a c i rcuit we ight training program is  usually based on a 
one repeti tion maximum , ra·nging from 4 0 - 5 0% ( Katch & 
McArdle , 1 9 8 3 ) , 40 - 5 5% ( McArdle et al . ,  1 9 8 1 ) , to 4 0 - 6 0% 
( Wi lmore , 1 9 8 2 ) . Higher percentages of a one repe ti tion 
maximum ( 6 0% or greater ) were found· to e l i c i t  premature 
fatigue be fore each station could be completed (Wi lmar� , 
Parr , Girando la et al . ,  1 9 7 8 ) . A lower percentage of a 
one repetition maximum ( below 4 0% ) was found not to 
suf f ic iently tax sub j ects ( Wi lmore , Parr , Girando la et 
al . ,  1 9 7 8 ) . McArdle et al . ( 1 9 8 1 )  reported that excess ive 
weight contribute s little to strength deve lopment . Ex­
cess ive we ight only increases the chance s  for mus cle or 
j oint in j ury . 
The re s t  period between stations varied from study 
to s tudy ranging anywhere from 1 5 - 60. seconds ( Gettman & 
Pollock , 1 9 8 1 ) . Re searchers agree that it  i s  important to 
keep re s t  time to a minimum. Minimizing re s t  time between 
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s tations force s  the heart to maintain an e levated state as 
wel l  as  ensuring an aerobic effect throughout the circuit 
weight training program (Wi lmore , Parr , Ward et al . ,  1 9 7 8 ; 
Wilmore , Parr , G�randola et al . ,  19 7 8; Gettman & Pol lock , 
19 8 1) . 
The number of c ircuits or sets general ly cons ists 
of two or three ( McArdle et al . ,  19 8 1; Gettman & Pol lock , 
1 9 8 1) . Two c i rcuits s eem to be suf f icient whe n  identify­
ing s trength and muscular �ndurance gains , though the 
effect wi l l  be sma l l . More pronounced re sults c an be 
gained f rom a three circuit program inc luding other pos si­
ble bene f i ts suc h as  body composition and aerob ic power 
change s ( Gettman & Pollock , 1 9 8 1 ;  Wi lmore , Parr , Griandola 
et al . ,  1 9 7 8 ; Wi lmore , Parr , Ward et al . ,  1 9 7 8; Allen et 
al . , 1 9 7 6 ; Gettman et al . ,  19 7 8 ; Gettman et al . ,  1 9 8 0) . 
Fox and Mathews ( 1 9 8 1) identif ied that any weight 
training program should cons ist  of a minimum of three day s 
of l i f ting per week . A two day per week l i f ting program , 
at bes t ,  could only provide maintenance of an already 
exi s ting leve l of strength and muscular endurance . 
The total time involved for a c ircuit we ight train­
ing program i s  dependent upon the number of s tations , lift­
ing time , re st per iod , and the number of c ircuits . Comple­
tion time reported for circuit weight training programs 
ranged between 2 0 - 3 4  minutes (McArdle et al . ,  19 8 1; 
Gettman et al . ,  1 9 8 0; Gettman & Pollock , 1 9 8 1 ) . 
C ircuit Weiqht Training And Phys iologic a l  Change s 
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There is much evidence to indicate that c ircuit 
weight training wi l l  produce phys iological change s . How­
ever , it i s  diff icul t to make substantive conc lus ions from 
the f indings bec ause of th.e diversity of the research . Fox 
and Mathews ( 1 9 8 1 )  have indicated that the phys io logical 
effects from a c i rcui t weight training program vary de­
pending upon the des ign of the program . I n  a review of 
related res earch , Gettman and Pollock ( 1 9 8 1 )  a l luded to the 
difficulty of identifying spec ific  physio logical changes .  
Generally speaking , results indicated that aerobic capac ity 
increased approximate ly 5% , lean body weight i ncreased 1 to 
3 . 2  kg , fat decreased 0. 8 to 2 . 9% ,  while  s trength improved 
anywhere from 7 to 3 2% .  I t  was conc luded that improve­
ments were dependent upon the work performed and not the 
equipment used ( Gettman & Pollock , 1 9 8 1 ) . 
Many studies have evidenc ed change s i n  body compo­
s ition as a resul t of circuit we ight training programs , 
however ,  in many instanc es they lack stati stical s ignifi­
cance . Lean body weight has been shown to inc rease whi le 
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fat we ight decreases  ( Mayhew· & Gross , 1 9 7 4; Washington , 
1 9 7 8; Wi lmore , 1 9 7 4; Wilmore , Parr , Girandola et al . , 19 7 8; 
Wi lmore , Parr , Ward et al . ,  1 9 7 8; Gettman et al . ,  19 8 0 ) . 
As a result of inc reases in lean body we ight and decreases 
in f at we�ght , total body weight tends to remai n  rather 
constant . Gettman and Pol lock ( 1 981 ) reported that c ircuit 
weight training c an be used to control body compo s ition be­
cause it inc reas e s  or maintains lean body wei ght whi le de­
creas ing body fat depending upon the type of c ircui t  we ight 
training program implemented . 
I t  i s  generally accepted that muscular endurance 
wil l  inc rease through mus c le training that i ncorporates 
high repetitions and relatively low res i stance ( C l arke , 
1 9 7 3 ) . Ye t ,  Wilmore ( 1 9 8 2 ) suggests that there i s  a high 
corre lation between strength and muscular enduranc e .  Thi s 
would sugge st that programs of low repetition and high re­
s i s tance will produc e improvements in muscular endurance 
as we l l .  
Change s in strength resulting from a c ircuit weight 
training program are rather common as an inc rease in re­
s i stance general ly results in an increase in s trength . 
Gettman and Pol lock ( 1 9 8 1 )  indicated , in the ir review of 
studi es us ing circuit weight training programs , that 
s trength increased anywhere from 7 to 3 2% . Mos t  of the 
• 
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c ircuit we ight training studie s used equipment s imi lar 
to the Universal Gym because of the convenienc e  of  changing 
we ight , however the type of equipment used doe s not seem 
to be a fac tor where strength gains are concerned . Buckbee 
( 1 9 8 1 ) supported thi s  conj ecture when he conc luded from his 
s tudy involving three types of training equipment ( free 
weights , Univer sal  Gym , Nautlus ) ,  that each produc ed gains 
in s trength but no one system was shown to be superior . 
Gettman and Pol lo�k ( 1 9 8 1 )  identif ied two advan­
tages of using a c ircuit weight training program : 
1 .  C ircuit we ight training programs attend to the 
maj or components of f itne s s . 
2 .  C ircu it we ight training programs , with a three 
set workout , can be completed in less  than 3 0  minutes . 
Wi lmore , Parri Girandola et al . , ( 1 9 7 8 ) concluded 
that circuit we ight training is a good general phy s ical 
activity tha� attends to more than one component of f i t-
nes s .  Gettman et al . ,  ( 1 9 8 2 )  recogni z ed c ircuit we ight 
training as as ef fec tive means of improving phy s ical 
f itne s s . 
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Summary 
The review of the l iterature has indicated a lack 
of agreement among re searchers in the area of  c ircuit 
weight training procedure s , physiologic al change s , and 
underwater weighing technique s .  C ircui t  weight training 
procedure s varied in the number of stations , amount of 
weight l i f ted , number of repetitions per s tation , l i fting 
time per s tation , rest tim_e between s tations , and the num­
ber of sets  completed . Phys iological changes der ived from 
c ircui t  we ight training programs varied . Lean body we ight 
increased from 1 to 3 . 2  kg , fat decreased 0 . 8  to 2 . 9% ,  and 
s trength gains of 7 to 3 2% were reported . Measurement. pro­
cedure s var ied for determining vital capac i ty , res idual 
volume , and " true " underwater we ight . 
Dec i s ions to employ the proc edure s  implemented in 
thi s  s tudy were based upon the accuratene s s  of measure­
ment procedure s  a s  reported in the literature , availabil ity 
of equipment at S outh Dakota S tate Univers i ty , and the time 
available for the research . 
CHAPTER I I I  
METHODS AND PROCEDURES 
The purpo se of thi s  study was to determine the 
effects of a c ircuit weight training program on body 
compo s ition ( total body we ight , body dens ity , percent 
body fat , l ean body we ight ) , muscular endurance , _ and mus ­
cular strength in untrained female s .  For ease of  di s­
cus s ion the methods and procedures pertaining to thi s  
s tudy wi l l  be broken down into the following c ategorie s :  
( a )  organi z ation of the s tudy , ( b )  data col lection , and 
( c )  data analy s i s . 
Organi zation of the S tudy 
The sub j ects involved in thi s  study were female 
volunteers from the populations of- South Dakota S tate 
University and the City of Brookings , South Dako ta� 
Notic es adverti s ing for untrained females were placed 
throughout the SDSU campus in an attempt to acquire sub­
j ects for thi s  study . Professors in various departments 
ac ross  campus also made announcements to the ir c lasses  in 
an ef fort to obtain volunteers .  Thi s study was conduc ted 
during the spring seme ster of 19 8 4  at SDSU . 
The s tudy began with 2 1  subj ect s , 1 7  in the ex-
perimental group and 4 in the control group . Four sub-
j ects were los t  from the experim�ntal _group during the 
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1 1  weeks o£ the study . One sub j ect was inj ured outs ide of 
the s tudy , another sub j ect was absent exce s s ive ly , and two 
other sub j ects lost interest in the study • 
. 
E ach sub j ec t  was required to meet two criteria 
in order to be acc epted into thi s  study . The s e  criteria 
follow :  
1 .  All sub j ects had to be untrained , that i s  to 
say they had not been invo lved in more than 2 0  minute s of 
condi tioni ng activity per week for a period of s ix months 
immedi ately prior to the study . 
2 .  All sub j ec ts agreed not to alter thei r  life-
s tyles in any way dur ing the period the s tudy was be ing 
conducted . All sub j ects , both exper imental and control, 
were required to maintain a " normal " l i f e s tyle inc luding 
phys ical activity , diet, and s leep patterns . 
Each sub j ec t in the study received a pre te st and 
postte s t  for body composition ( total body we ight , body 
density , percent body fat , lean body weight ) ,  muscular 
endurance, and muscular strength . The contro l group re-
ceived no training for the 1 1  week period of the s tudy . 
The training program was introduced to the exper imental 
group . A c i rcuit we ight training program was implemented 
for 1 1  weeks us ing a Universal Gym Machine . The c ircuit 
weight trai ning was des igned to inc lude both concentric 
and eccentri c  mus cular contractions to provide a program 
that would involve the maj or muscle groups o f  the body . 
The c i rcui t  weight training procedure cons i s ted of  eight 
s tations on the Universal Gym Machine th·at were l i fted in 
the following sequence : �a ) double leg extention , 
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( b )  mi litary pre s s , ( c )  double leg curl , ( d )  biceps curl , 
( e )  s i t  up , ( f )  lat i s sumus pull , ( g )  seated l eg extention , 
and ( h )  bench pre s s . Sub j ects could begin at  any of the 
e ight stations but upon hearing the " change " command they 
had to move tb the succeeding station in the above se­
quenc e . 
Each sub j ect in the experimental group had a mini­
mum workload of 4 0% of a one repetition maximum for 3 0  
s econds ( 1 2- 1 5  repetitions ) at each station and 4 0  seconds 
rest between s tations . The subj ects worked in  pair s to 
allow for a maximum· number of partic ipants to be involved . 
The c ircuit weight training program was c onducted 
three days per week- -generally Monday , Wedne sday , and Fri ­
day . Thi s  pattern varied somewhat but no s ub j ec t  was per­
mi tted to l i f t  on three consecutive days . The ent ire 
program cons i sted of 3 2  minute s  of lifting at e ight sta­
tions for three set s . 
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A warm-up period o f  approximately f ive minutes at 
the beg inning of each s e s s ion inc luded stretchi ng and move­
ment exerc i s e s  for the maj·or musc les of the body . The time 
s equenc e for the c ircuit weight training program was re­
corded on a cassette tape which included commands for 
starting and stopping at each station . To ensure that 
work loads were e l ic iting e levated heart rate s , pu l s e  rate s 
were monitored and recorded for all  sub j ects one day per 
week at the conc lu s ion of each set . The sub j ect s  were re­
quired to make up any absenc e s . Anyone mi s s ing three or 
more s e s s ions without making then up was e l iminated from 
the study . 
Each sub j ect determined her one repetition maximum 
at seven of the eight stations three time s throughout the 
study . The first time occurred prior to the exerc i s e  pro­
gram . The second and third measurements occurred after 
the fourth and e ighth week s respective ly . I f  improvements 
in the one repetition maximum occurred at any of the seven 
stations te sted , ad j ustments were made in the we ight that 
they were l ifting at that station . It shou ld be noted here 
that because of the increments in weight on the Universal 
Gym Machine , each subject lifted at a weight that was as 
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c lose as po s s ible to the 40% one repetition maximum cri­
terion. The mean for al l seven lifting s tations was 48 . 6% 
of a one repetition maximum. The 4 0% one repetition maxi­
mum criterion was maintained , if pos s ible , a s  a minimum 
workload . The workload at the sit-up station was also.in­
creased at the same time by increasing the inc l ine of the 
s it-up board when the sub j ec t  could cons i s tantly complete 
more than 1 5  repe titions in 3 0  seconds for a l l  three sets . 
Data Col lection 
A trial run was conducted prior to the beginning 
of thi s  inve s tigation to determine the appropriate circuit 
wei·ght training and underwater weighing procedures . Two 
femal e  sub j ects were introduced to the c ircui t  we i ght 
training program and the underwater we ighing procedures .  
I t  was conc luded that the c ircuit we ight training program 
would consLst of l i fting at eight stations for three sets , 
whi le lif ting for 3 0  seconds and re s ting for 40 s econds at 
each s tation . The underwater we ighing procedure cons isted 
of a minimum of 1 0  weighings ( Katch & Katch , 1980; Jackson , 
Pol lock , & Ward , 1 980; Katch et al . , 1 9 6 7; Katch , 19 6 9; 
Katch , 1 9 68 ) . A snorke l was used which allowed the sub­
jects to remain underwater between trial s . Not having the 
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subj ects resurfac e  after each trial resul ted i n  le s s  f luc ­
tuation of the scale and a more s table reading . 
E ach sub j ect in the s tudy was ·  informed of the 
nature of  the research and the procedure s to .be admini ster­
ed . An informed consent form for pariticpation in a re­
s earch s tudy was required prior to partic ipation ( see 
Appendix A for complete proof ) .  A medical c le arance form 
was a l so required ( see Appendix B for complete proof ) . 
Prior to each measurement ses s ion , the sub j ects 
were given a detai led explanation of the te sting proce­
dure s invo lving total body weight , vital capac i ty , under­
water we ighing , mu scular endurance ,  and muscular s trength . 
All sub j ects were ins tructed to wear a bathing sui t  for 
each body compo s i tion measurement . I n  an attempt to make 
all  measurements as accurate as pos s ible , the sub j ects 
were discouraged from eating , drinking , and smoking for a 
minimum of two hour s prior to the administration of the 
body compo s i tion procedure s ( Jack son et al . ,  1980 ) . Al so 
the bladder and bowe l s  were emptied pr ior to obtaining the 
body compo s i tion measurements ( Robins , 1 983 ) . To avoid 
possible f lu id retention problems as a result of mens tru­
ation , al l sub j ects were te sted at least s even days prior 
to or fol lowing mens truation ( Jackson et a l . , 1 9 8 0 ) . 
Data were gathered on the following variable s :  
( a )  total body weight , ( b )  vital capac ity , ( c )  e stimated 
res idual volume , ( d )  underwater weight , ( e )  body density , 
( f )  percent body fat , ( g )  lean body we ight , ( h )  muscular 
endurance ; and ( i ) muscular strength . A de s c ription of 
procedure s  used to gather the data fol lows : 
Total Body We ight 
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A Toledo Scale , �ode l 283 1 , was calibrated and used 
to determine total body weight . Total body we ight was re­
corded to the nearest pound and converted to kilograms . 
Vital Capac i ty 
A S tead-We l l s  1 0  l iter spirometer was used to 
determine vital capac ity . Vital capac ity i s  the volume of 
air that can be maximally expired after a maximal inspira­
tion ( Fox & Mathews , 1981 ) . The sub j ec t  sat next to the 
spirometer , leaning forward in a pos ition s imi lar to the 
one as sumed dur ing the underwater we ighing proc edure . A 
nose cl ip was placed secure ly on the sub j ect ' s  no se . At 
thi s  time the sub j ect placed the mouth piece in her mouth 
and performed a maximal inspiration . At a point when the 
subj ect could no longer inspire , a maximal expiration was 
performed . Four to s ix trials were conducted recording 
the highe s t  obtained value (Wilmore , 1 9 6 9 ) . I f  there was 
evidence of continual improvement with each succe s s ive 
trial , up to f ive more trials were admini s tered unt i l  a 
s table measure of vi tal capac ity was obtained . Vital 
capac ity wa s recorded to the nearest 50 ml . 
E stimated Re s idual Volume 
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Res idua l volume i s  the amount o f  air remaining in 
the lungs after a maximal _ expiration . For thi s  s tudy re si­
dua l volume was e stimated from a percentage ( 2 8% )  of vital 
capac ity (Wi lmore , 1 9 6 9 a ) . I t  was determined that any re­
sulting error in e s timating res idual volume f rom vital 
capac ity us ing Wi lmore ' s  method would be neg ligible given 
the sub j ects under inve stigation . The correlation coeff i ­
c ient that was e s tabl i shed by Wi lmore betwe en actual and 
e stimated res idual vo lume determined from vital capac ity 
was r = . 8 7 5  (£< . 0 0 0 1 )  for a comparable group of females 
with an average age of 2 1 . 4  years . 
Underwater We ighing 
The underwater we ighing procedure was conduc ted in 
a metal tank 3 feet 2 inches by 5 feet long and 6 feet 6 
inches deep . A Chati l lon 9 ki logram autopsy scale was 
supported overhead with a swin9 chair suspended from the 
scale . The we ight of the chair was recorded to the near­
est  1 0  grams before each sub j ect entered the water . 
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The water temperature was recorded to determine 
the dens ity of the water ( Michael et al . , 1 9 7 9 ) . Dens ity 
refers to we ight per uni t  of volume . The density of water 
at 4 °  C i s  a one to one re lationship , that i s , one gram of 
water as sume s one mi l l i l i ter of volume . As the water 
temperature increase s the dens ity of water dec reases and 
its volume increases . Because the water temperature had 
to be maintained at a comfortable but high dens i ty tempera­
ture for the sub j ects ( 3 0 °  C - 3 9 °  C ) , a water correc tion 
factor was used ( Michae l et al . ,  1 9 7 9 ) . The temperature 
was recorded prior to each underwater weighing procedure . 
Each sub j ec t  wore a bathing sui t  for all under­
water we ighing measurements .  When the sub j e c t  was in the 
water she wa s ins tructed to rub her body , sui t , and hair 
with her hands to remove any air bubbles . The sub j ect 
wore a nos e  clip and a snorkel . The snorke l  was he ld in 
place us ing a head band . The sub j ect sat on the chair 
and balanced her body by plac ing her arms around the out­
s ide of the rope s and he ld on to the rope s be low the sur­
face of the water . The subj ect would then submerse her self 
by leaning forward . The top of the snorke l was kept above 
the water by the res earcher . The subj ect could breathe 
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normal ly through the snorke l unti l the scale s tab i l i z ed .  
The sub j ec t  was then instructed to exhale a s  much air as 
pos s ible and remain still  for 5 - 1 0  seconds . Thi s  pro­
cedure was repeated at least 10 time s . Once the learning 
curve had s tab i l i z ed the mean of the f inal three tr ial s was 
taken as . the sub j ect ' s  " true " underwater we ight ( Katch & 
Katch , 1 980 ) • 
Body Dens i ty 
Body dens ity i s  we ight per uni t  of vo lume . Be­
c ause fat tis sue i s  le s s  dense than lean body ti s sue � 
body dens i ty c an be determined through underwater we ighing . 
Because the dens i �y of water at 4 °  C i s  equal to one gram 
of weight per one mi l l i l iter of volume , the weight a per­
son loses underwater is equal to the weight of the water 
that would be di splaced . Body dens ity was calculated from 
measurement s obtained via underwater we ighing . The den­
s ity of the body was determined according to the S iri 
formula ( 1 9 6 1 ) : 
BD = Wt . in Air 
Wt . in Air - ( Wt . in Water-Chai r  Wt . )  
Dens ity of Water 
Where : BD = body dens ity ( g/ml ) 
Wt . in Air = we ight in air ( g )  
- RV 
Wt . in Water = weight in water ( g )  
Dens ity of Water = dens i ty o f  water us ing 
Percent Body Fat 
the water correction 
factor table ( g/ml )  
RV = re s idual vo lume ( ml )  
The percent body fat formula developed by S iri 
( 19 6 1 )  was used to calculate percent body fat : 
%BF  = ( 4 9 5/BD ) - 4 5 0  
Fat we ight was calculated by multiplying the percent of 
body fat by the body ' s we ight in air . Lean body we ight 
was determined by subtrac ting fat weight f rom the we ight 
of . the body in air . 
Muscular Enduranc e 
Muscular enduranc e was determined through pro-
cedure s outl ined by Anderson and Kearney ( 1 9 8 2 )  for an 
absolute measurement on the bench pre s s .  An absolute 
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weight of 4 0  pounds was used as the workload . A Franz 
E lectronic Metronome , mode l LM-FB-5 , - was calibrated and 
set to allow 4 0  repeti tions to be completed within 6 0  
second s . The sub j ec t  lifted in rhythm to the beat of the 
metronome with the aid of the instructor through " up "  and 
" down " · command s . When the sub j ect could no longer con­
tinue or f e l l  behind the beat of · the metronome , the te s t  
was terminated . The number of repetitions completed re­
presented the muscular endurance score . 
Muscular S trength 
Muscular s trength was determined through pro­
cedure s outlined by Anderson and Kearney ( 1 982 ) us ing the 
bench pre s s . S trength was asses sed on the bas i s  of each 
sub j ec t ' s  one repetition maximum effort . The te s t  began 
with a brief warm-up period . The sub j ec t  then pos itioned 
herself  on the bench in such a way that would al low her 
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to push the we ight upward . The hands were pos itioned on 
the ins ide portion of the handlebars .  Each sub j ec t wa s 
strongly encouraged to exert a maximal ef fort on each 
trial . Each sub j ect attempted to lift a we ight on the 
f ir st tr ial that they felt certain they could lif t . The 
weight was increased after each succes s ful tr ial until two 
consecutive unsuccessful trials occurred . The sub j �ct ' s  
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score con s i s ted o f  the last succe s s ful l i f t . Three minute s 
of recovery time were allowed between each trial . 
Data Analys i s  
The data were analyzed us ing the l O th re lease of 
the S tati s tical Package for the Soc ial Sc ienc e s  ( SPSSX ) on 
the I BM 3 0 3 1  mainframe computer at South Dakota S tate Uni­
vers ity . Var iables investigated inc luded : ( a )  total body 
we ight , ( b )  body dens ity , ( c )  percent body fat , ( d )  lean 
body weight , ( e )  muscular endurance ,  and ( f ) mus cu lar 
s trength . 
I nitially , de scriptive statistic s inc luded means , 
s tandard deviations , standard error of the mean , · range , 
and maximum and minimum values were obtained for both 
exper imental and control subj ects . Fol lowing thi s  a seri�s  
of S tudent ' s  t tests  for correlated means were performed on 
both the exper imental and contro l groups us ing the prete st 
and postte s t  values for the variables total body we ight , 
body dens ity , percent body fat , lean body we igh t , muscular 
endurance , and muscular strength . 
The next procedure used was an analy s i s of var iance 
for treatments . Before implementing thi s , however , it was 
nec e s sary to af fect a data trans formation . For e ach 
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variab le the pretest score was subtrac ted from the - post­
test score to create a new variable that ref lec ted any 
change s which had occurred over the 1 1  week period . Thi s 
proc edure also had the added benefit of negating any be­
tween group dif ferences which may have exi s ted at the be­
ginning of the exper iment due to the inab i l i ty to randomi ze 
the de sign . The s e  " change " variables were used in the 
ANOVA procedure to identi fy treatment effec t s . 
For all  analyses an alpha level of . 0 5 was pre­
selec ted . S igni f icance of the F and t stat i stic s were 
determined us ing a standard table of value s . 
CHAPTER IV 
RESULTS AND DISCUSS ION 
Thi s chapter pres ents a di scus s ion o f  the results 
concerning the e ffects of a circuit weight training program 
on body compo s ition , muscular endurance , and· muscular 
s trength in untrained female s .  The untrained female s  were 
volunteers f rom the Brookings community and SDSU popula­
tion . Sub j ects volunteered for either the experimental 
group ( N= l 3 ) or the control group (N=4 ) . The mean age for 
all  subj ects was 2 2 . 7  years . Average weight for the sub­
j ects was 6 1 . 5  kg and 1 6 7 . 7  em was the mean height . The 
raw data on which the stati stical analys e s  were based are 
presented in Appendix C .  
Total body weight , body dens ity , percent body fat , 
lean body we ight , muscular endurance , and muscular strength 
were the s ix variables measured . Each var iable was 
analyz ed using a t te st for correlated means and an 
analys i s  of var iance • . The s ignificance leve l of alpha� . O S  
was used for a l l  compari sons . Table 1 inc ludes de scriptive 
s tati stic s  for the exper imental group , whi le Table 2 con­
tains de scriptive s tati stic s for the control group . 
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TABLE 1 
Desc riptive S tati s tic s for the Experimental Group ( N= l3 ) 
Variables 
TBW ( kg )  
BD ( g/ml ) 
%BF 
LBW ( kg )  
ME ( reps ) 
MS ( kg )  
* < • 0 5  
* *  < • 0 1  
* * *  < . 0 0 1  
Pt;ete s t  
Mean SD 
6 1 . 50 7 . 7 9 
1 . 0 3 5  0 . 0 1 1 
28 . 20 5 . 3 4 
4 3 . 9 2 4 .  30 
3 5 . 3 9 9 . 1 2 
3 6 . 3 6 6 . 1 6 
Post te st 
Mean SD 
6 2 . 0 3 8 . 4 2  
1 . 0 3 9  0 . 0 1 2  
2 6 . 6 4 5 . 4 1 
4 5 . 2 1 4 . 3 2 
4 7 . 0 9 1 0 . 60 
3 9 . 87 5 . 78 
Mean 
D i f f . 
+ 0 . 5 3 
+ 0 . 0 0 4  
- 1 . 5 6 
+ 1 . 2 9 
+ 1 1 . 70 
+ 3 . 5 1 
Note . TBW = total body weight , BD = body density , 
%BF = percent body fat , LBW = lean body we ight , 
ME = muscular endurance , MS = muscular strength , 
reps = repeti tions . 
t 
+1 . 0 2 
+4 . 5 6 * * *  
- 4 . 82 * * *  
+3 . 5 9 * *  
+7 . 3 5 * * *  
+6 . 3 5 * * *  
TABLE 2 
Descriptive S tati stics for the Control Group (N=4 ) 
Variables  
TBW ( kg )  
BD ( g/ml ) 
%BF 
LBW ( kg )  
ME ( reps ) 
MS ( kg )  
Pretes t  
Mean SD 
5 6 . 7 0 8 . 2 5  
1 . 0 3 8  0 . 0 0 9  
2 7 . 0 9 4 . 3 1 
4 1 . 1 3 3 . 9 4 
2 2 . 7 5 5 . 1 2 
3 0 . 6 5 2 . 3 0 
Pos t  test 
Mean SD 
5 6 . 48 1 0 . 0 1 
1 . 0 3 7  0 . 0 0 9  
2 7 . 5 1 4 .  70 
4 0 . 60 4 . 7 2 
2 3 . 0 0 2 . 58 
3 1 . 2 3 3 . 4 5 
Mean 
D i f f . 
- 0 . 2 2 
- 0 . 0 0 1 
+ 0 . 4 2 
- 0 . 5 3 
+ 0 . 2 5 
+ 0 . 58 
Note . TBW = total body we ight , BD = body dens ity , 
%BF = perc ent body fat , LBW = lean body wei ght , 
ME = muscular endurance , MS = muscular s treng th , 
reps = repeti tions . 
Re sul ts 
Total Body We ight 
t 
- 0 . 2 0 
-0 . 5 0 
+0 . 6 1 
-1 . 2 2 
+0 . 1 5 
+1 . 0 0 
Data analy s i s  was performed on the total body 
we ight var iable expres sed in kilograms . The mean of the 
prete st total body weight variable for the experimental 
group was 6 1 . 5  kg wi th a standard deviation of  7 . 7 9 kg . 
The se value s inc reased to 62 . 0 3 and 8 . 4 2  kg , re spec tive ly 
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at pos tte st . The t test for corre lated means for the ex-
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perimental group revealed a t value ( df=l 2 )  o f  + 1 . 0 2 which 
was not a s igni f i cant change from pretes t  to pos tte s t  
(£> . 0 5 ) . The control group had a pretes t  mean of 5 6 . 7  kg 
with a s tandard deviation of 8 . 2 5 kg for total body weight . 
The pos ttes t  mean and standard deviation for total body 
weight were 5 6 . 48 kg and 1 0 . 0 1 kg , respective ly .  The t 
test for correlated means for the control group revealed 
a t value ( df=3 ) of - 0 . 2 0 for total body we ight which was 
not a s igni f icant change from pretest to po stte s t  (£> . 0 5 ) . 
The analys i s  of variance , summari z ed in Table 3 ,  showed 
no s igni f icanct d i f ference between the exper imental and 
control groups in  terms of total body weight change f�orn 









Summary for Analysis  of Variance 
on Total Body We ight Change 
Sum of 
Square s 
1 . 7 4 7  
5 7 . 3 3 5  
5 9 . 0 8 2  
df 
1 
1 5  
1 6  
Mean 
Square 
1 . 7 4 7  
3 . 82 2  
3 . 6 9 3  
F 
0 . 4 5 7  
4 7  
Body Density 
The mean pre te st value for body dens i ty for the 
experimental group measured in grams per mi l l i l i ter was 
1 . 0 3 5  with a s tandard deviation of 0 . 0 1 1 . The posttest 
mean was 1 . 0 3 9  and the standard deviation was 0 . 0 1 2 . The 
t te s t  for correlated means indicated a s igni f icant in­
crease with a t value ( df=l 2 )  of 4 . 5 6 (£= . 0 0 1 ) . The pre­
tes t  mean and s tandard deviation for the contro l  group on 
body density was 1 . 0 38 g/ml and 0 . 0 0 9  g/ml , respec tive ly .  
The postte s t  mean for body dens ity was 1 . 0 3 7  g/ml with a 
s tandard deviation of 0 . 0 0 9  g/rnl . The contro l  group re­
vealed a t value ( df=3 ) of - 0 . 5 0 for body dens i ty from the 
t test for correlated means . Thi s  was not a s ignif icant 
change at the . 0 5 alpha level . The analys i s  of var iance 
on mean body dens i ty change , pre sented in Table 4 ,  showed 
a s igni f icant difference between experimental and contro l 
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TABLE 4 
S ummary for Analysis  of Variance 
on Body Dens ity Change 
S um of 
S quare s 
. 0 0 0 0 485 
. 0 0 0 1 0 5  
. 0 0 0 15 4  
df 
1 
1 5  
1 6  
Mean 
Square 
. 0 0 0 0 4 8 5  
. 0 0 0 0 0 7  
Percent Body Fat 
F 
6 . 9 2 1 *  
The prete s t  mean for percent body fat for the ex-
per imental group was · 28 . 2  wi th a . standard deviation of 
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5 . 3 4 .  The pos tte s t  mean and standard deviation were 2 6 . 6 4 
and 5 . 4 1 ,  respective ly . The t value of - 4 . 8 2 ( df=l 2 )  in-
dicated that the change was s ignif icant (_e= . O O O l ) . The 
pretes t  mean and s tandard deviation for the contro l group 
for percent body f at were 2 7 . 0 9 and 4 . 3 1 ,  respec tive ly .  
The posttest  mean was 2 7 . 5 1 and the s tandard deviation 
was 4 . 7 . The t te st for corre lated means for the control 
group resul t·ed in +0 . 61 ( df=3 ) for percent body fat which 
was not a s igni f icant change from pretes t  to pos tte s t  
(£> . 0 5 ) . The calculated F ratio (8 . 1 9 2 ;  df= l , l5;  £< . 0 5 )  
from the analys i s  of varianc e on mean percent body fat 
change , presented in Table 5 ,  showed a s ignif icant dif-
ference between experimental and control groups from pre 
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TABLE 5 
Summary for Analysis  of Variance 
on Percen� Body Fat Change 
Sum of 
Square s  
1 2 . 0 2 2 
2 2 . 0 13 




1 6  
Mean 
Square 
1 2 . 0 2 2  
1 . 4 68 
2 . 12 7  
Lean Body We ight 
F -
8 . 1 9 2 *  
Lean body we ight was measured in k i lograms . The 
mean value obtained during prete st data co l l ec tion for 
the exper imental group wa s 4 3 . 9 2 kg with a s tandard de-
viation of 4 . 3  kg . The postte st mean and s tandard devia-
tion increased to 4 5 . 21 and 4 . 3 2 kg , re spective ly . The t 
4 9  
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test for correlated means yielded a t value of +3 . 5 9 
( df= l 2 ) which was s ignif icant at the . 0 0 4  leve l . The 
prete s t  data collected on the control group revealed a 
mean of  41 . 1 3 kg and a s tandard deviation of  3 . 9 4 kg for 
lean body we ight . The po�ttest mean and s tandard devia­
tion for lean body we ight was 40 . 6  kg and 4 . 7 2  kg , re­
spective ly . The t te st for correlated means from the con­
trol group resulted in a t value of - 1 . 2 2 ( df=3 ) for lean 
body we ight . No s ignif icant change re sulted from prete st 
to pos tte s t  (£> . 0 5 ) . 
The analys i s  of var iance applied to the lean body 
weight change variable produced a F ratio of 6 . 7 6 6  
( df= l , lS ) , which was a s igni f ica�t differenc e (£= . 0 2 )  
between experimental and control groups from pre to po st­
test . Table 6 pre sents the analys i s  of vari ance summary 
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TABLE 6 
Summary for Analysis  of Variance 
on Lean Body Weight Change 
Sum of 
Square s 
1 0 . 1 0 2  
2 2 . 3 9 7  
3 2 . 4 9 9  
df 
1 
1 5  
1 6  
Mean 
Square 
1 0 . 1 0 2 
1 . 4 9 3  
2 . 0 3 1  
Muscular Endurance 
F 
6 . 7 6 6 *  
Muscular endurance was expres sed a s  the maximum 
number of repetitions lifted in rhythm to the beat of a 
metronome . The mean and s tandard deviation for pre te s t  
results for mu scular endurance were 3 5 . 3 9 and 9 . 1 2 ,  re-
spective ly for the experimental group . The po stte s t  mean 
increased to 4 7 . 08 with a standard deviation of 1 0 . 6 .  A 
t value of + 7 . 3 5 ( df=l 2 )  from the t tes t  for correlated 
means revealed that a s ignificant increase ( _e= . O O O l )  had 
occurred in muscular enduranc e from prete s t  to posttes t .  
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The control group had a pretest mean and standard deviation 
of 2 2 . 7 5 and 5 . 1 2 ,  respec tive ly for muscular endurance .  
The pos ttes t  mean for muscular endurance was 2 3 . 0  with a 
standard deviation of 2 . 58 for the control group . The t 
test for corre lated mean for the control group revealed a 
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t value ( d£= 3 ) o f  +0 . 1 5 which was not a s igni f ic ant change 
f rom prete s t  to postte st (£> . 0 5 ) . Again , the computation 
of the analy s i s  of variance on muscular endurance change 
showed a s igni fi cant increase (£= . 0 0 2 ) between experimental 
and. control groups from pretest to pos tte s t . The calcu-
·-
lated F ratio for muscular endurance change was 1 4 . 0 5 1  
( df=1 , 1 5 ) . Table 7 presents the results of the analysis of 
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TABLE 7 
Summary for Analys i s  of Vari ance 
on Muscular Endurance Change 
Sum of 
Square s 
4 0 0 . 481 
4 2 7 . 5 1 9 
828 . 0 0 0  
df 
1 
1 5  
1 6  
Mean 
Square 
4 0 0 . 481 
28 . 5 0 1  
5 1 . 7 5 0  
F 
1 4 . 0 5 1 *  
Muscular S trength 
Muscul ar s trength was measured in k i lograms . The 
pretes t  mean for the experimental group was 3 6 . 3 6 kg with 
a standard deviation of 6 . 1 6 kg . The postte s t  mean was 
3 9 . 87 kg with a s tandard deviation of 5 . 78 kg . The com­
putation of the t test for correlated
.
means revealed a t 
value of +6 . 3 5 ( df=l 2 )  . that was a s ignif ic ant increase at 
the . 0 0 0 1  leve l . The control group prete s t  mean for mus-
-
cular s trength was 3 0 . 6 5 kg wi th a s tandard deviation of 
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2 . 3  kg . The pos ttest mean and standard deviation for mus-
cular strength of the control group was 3 1 . 2 3 kg  and 
3 . 4 5 kg , repec tive ly . The t test for correl ated means 
for the contro l group on muscular strength re sul ted in a 
t value of + 1 . 0 0 ( df=3 ) which indicated no s igni f icant 
change at the alpha leve l of . 0 5 from pretes t  to pos tte s t . 
The analys i s  of variance yielded an F ratio of 
7 . 6 6 0  ( df=l , lS )  which indicated a signif ic ant dif ference 
(£= . 0 1 4 ) between the experimental and control groups in 
terms of mus cular s trength change from pre to pos ttest . 
The results of the analy s i s  of var iance for muscular 
s trength change are presented in Table 8 .  
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TABLE 8 
Summary for Analysis  of Variance 
on Muscular S trength Change 
Sum of Mean 
Square s df Square 
2 6 . 3 0 8  1 2 6 . 3 0 8  
5 1 . 5 1 7  1 5  3 . 4 3 4  
7 7 . 8 2 5 1 6  4 . 8 6 4  
D i scussion 
F 
7 . 6 6 0 *  
The intent o f  thi s  s tudy was to determine the 
effects of a c ircuit we ight training program on s ix vari-
able s ( total body we ight , body dens i ty , perc ent body fat , 
lean body weight , muscular endurance , and muscular 
s trength ) . The c ircui t we ight training program was ap-
preached f rom the standpoint of a general conditioning 
5 4  
activity that would attend primarily to muscular endurance 
whi le also alter ing body composition . The fol lowing di s-
cus s ion focuses on the s ix variables inve s tigat�d . 
Total body weight did not change s igni f icantly 
through the 11 weeks of thi s  investigation . Though a 
s igni f icant increase in lean body weight and a s ignif i ­
cant decrease in  f a t  weight re sul ted , the change s off set 
one another resulting in an ins ignificant mean d i fference 
of +0 . 5 3 08 kg for the experimental group . This f inding 
supports the results of Wi lmore , Parr , G irandola et al . 
( 1 9 78 )  that total body we ight in the females  tes ted did 
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not change s igni f icant ly as a result o f  a c i rcui t we ight 
training . The ir program involved 10 s tation s , 3 c ircuits , 
3 days per week , at 4 0 -5 5% of one repetition maximum , for 
a 10 week program . S imi larly , Gettman e t  al . ( 1 982 ) re­
ported that no s ignificant change was noted in total body 
we ight in the females tested as a result of . the ir 1 2  week 
c ircuit we ight training program , 3 days  per week , cons i st­
ing of 10 s tations , 3 c ircuits , at 4 0% of one repeti tion 
maximum . I n  a review of circuit we ight tra ining litera­
ture , Gettman and Pol lock ( 1 981 ) noted s imi l ar re sults when 
compared wi th thi s  study , indicating that total body weight 
tended to remain unchanged throughout a c ircuit we ight 
training program . They also indicated that c ircuit we ight 
training could be used as a weight-control program , al­
though , when compared wi th aerobic training programs , the 
change s in total body we ight may not be as apparent because 
the increas e s  in lean body we ight and the losses  in body 
fat may off set each other . The present s tudy did not 
examine changes in aerobic fitne s s . 
A s igni f icant change (£< . 0 5 )  was observed in body 
dens ity for the experimental group as a re sult of the 
c ircuit  we ight training program . Body dens i ty changes 
result in modif ications of percent body fat and lean body 
we ight . As body dens ity increases , lean body we ight in-
-
creases and fat weight decrease s .  Lamb ( 1 984 ) indicated 
that as body dens ity increase s ,  lean body we ight becomes 
a greater percentage of total body we ight . With a mean 
res is tance in thi s  study of 48 . 6% of one repetition 
maximum (8 s tations , 3 c ircuits , 3 days per week for 1 1  
weeks ) for the exper imental group , body den s i ty was shown 
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to increase s igni f icantly a s  a result o f  the c ircu it we ight 
tra ining program implemented . As a result of the s igni-
f icant increase in body dens ity , a porportional change in 
percent body fat revealed a s ignf ic iant decrease (£< . 0 5 )  
as a result of the c ircuit we ight training program . And 
lean body we ight also had a s igni f icant increase (£< . 0 5 )  
in conj untion with the body dens ity variable . The 
1 . 2 9 2 3  kg i nc rease in lean body weight from the experi-
mental group can be directly attributable to the c ircuit 
we ight training program . With an increase in phys ical 
activity beyond what the experimental sub j ect s  were nor­
mally accustomed , the addi tional weight of the workload 
helped to deve lop the musculature of the sub j ect s  and 
therefore , produce an elevated lean body wei ght over the 
5 7  
1 1  week training per iod . As in previous ly mention studies 
on c ircuit weight training involving female s ,  Gettman 
and Po llock ( 1 � 8 1 ) , Gettman et al . ( 1 9 8 2 ) , and Wi lmore , 
Parr , Girandola et al . ( 1 9 7 8 ) , lean body wei ght was shown 
to inc rease s ignf iciantly whi le s ignif ic ant decreases were 
reported in percent body fat . The results o f  thi s  inve sti­
gation would tend to support the se f indi ng s . 
Muscular endurance , as a result of the c ircuit 
weight training program , increased s ignif icantly (£< . 0 5 ) . 
The difference between the pretes t  and pos tte st measure s 
revealed a mean increase in muscular endurance of  1 1 . 6 9 2 3 
repetitions . The inc rease of 3 3% in muscular endurance 
f rom the 1 1  week c i rcuit we ight training period indic ated 
that muscular endurance can increase subs tantially in the 
c ircuit we ight training program implemented in thi s  study . 
Anderson and Kearney ( 1 9 8 2 )  also reported that abso lute 
muscular endurance can increase s ignficantly as evidenced 
in their study cons i s ting of weight training 3 days per 
week for 9 week s . 
5 8  
The f inal variable examined , muscular s trength , 
exhibited a s igni f icant inc rease (£< . 0 5 )  attributable to 
the c ircuit weight training· program in thi s  s tudy . The 
untrained female s  in the experimental group experienced an 
average muscular s trength increase of 9 . 6% in the bench 
pre s s  over the 1 1  week training period . Gettman and 
Pollock ' s  ( 1 9 8 1 )  results are cons i s tent with the f indings 
of thi s  s tudy that c ircuit weight training programs can be 
expected to e l ic it substantial increases in muscular 
strength . The i ncreases in muscular strength ( 9 - 44% ) , 
from weight training as noted by Gettman · and Pol lock ( 1 9 8 1 )  
are generally higher than the increase found i n  thi s  study . 
The c i rcuit weight training program was not spec i f ical ly 
deve loped for muscular strength improvement , but attends 
more to muscular endurance . Both Ge ttman et  al . ( 1 9 8 2 )  and 
Wi lmore , Parr , G irandola et al . ( 19 7 8 ) , reviewed ear l ier 
in thi s  di scus s ion ,  reported increase s  in mu scular s trength 
as a re sult of the ir individual c ircuit we ight training 
programs . 
Thi s s tudy sugge sts that the c ircuit  weight train­
ing program implemented in thi s  study wi l l  s igni f icantly 
effec t body compo s i tion , muscular enduranc e ,  and muscular 
strength in untrained females . Gettman & Pol lock ( 1 9 8 1 )  
sugge s ted s everal f i tne s s  aspects concerning c ircuit weight 
training : ( a )  c ircuit we ight training plac e s  le s s  ortho-
pedic stre s s  on the legs than other aerobic activitie s ,  
( b )  c i rcuit we ight training elic i ts only mode s t  increases 
( 5% )  in �0 2 max ver sus tradi tional aerobic ac tivitie s ,  
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( c )  c ircuit we ight training requires an anaerobic intensity 
that may be too high for beginners to tolerate , but if  
programs are des igned to minimi z e  initial s orene s s  and 
maintain low exerc i s e  intens itie s , c ircui t we ight training 
can be useful to mos t  individual s ,  ( d )  c ircuit  we ight 
training compare s favorably with traditional weight train­
ing program s for s trength deve lopment , and ( e )  al though 
c ircuit we ight training doe s not deve lop high aerobic f it­
ne s s , it can help maintain f i tnes s .  Given the population 
and number of sub j ects in the pre sent study , the re sults 
would s eem to support .the - -conjecture that c ircuit we ight 
training can offer pos itive change s that can increase 
certain aspects of f itne s s . With alterations in body 
compo s i tion , such as increases in body dens i ty and lean 
body we ight and decreases in percent body fat , inc reases 
in muscular endurance ,  and increase s in muscular s trength , 
the circuit weight training program implemented in thi s  
s tudy can produce s ignif icant change s over a re lative ly 
short period of time ( 1 1 weeks at 3 2  minute s per day , 3 
days per week ) . Thi s  study would support the f i nding of 
Wi lmore , Parr , Girandola et al . ( 19 78 )  and Gettman and 
Pollock ( 1 981 ) that c ircuit weight training i s  a good 
gene ral conditioning activity attending to more than one 
component of f itne s s . 
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CHAPTER V 
S UMMARY AND CONCLUS IONS 
The purpos e  of thi s  s tudy was to determine the 
effects of a c ircuit weight training program on body 
compo s i tion , muscular endurance , and muscu lar s trength 
in untra ined femal e s . Prior to presenting the conc lus ions 
the reader should be cautioned against general i z ing from 
the re sults beyond the scope of this  study given the l imited 
representation in both the experimental and control groups . 
Summary 
S eventeen untrained females partic i pated in thi s  
s tudy conducted during the spring semes ter of 1 9 8 4  at 
S outh Dakota S tate Univers i ty . The sub j ects volunteered 
for either the exper imental group (N=l 3 ) or the contro l 
group (N= 4 ) . The sub j ects were volunteers from the popula­
tions of S outh Dakota - S tate University and the C i ty of 
Brookings , S outh Dakota . All sub j ects  were pre te s ted for 
total body we ight , body density , percent body fat , lean 
body weight , muscular endurance ,  and muscular strength . 
The control group received no treatment for the 1 1  weeks 
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o f  the study . The experimental group partic ipated in 
a c ircuit we ight training program cons i sting of exerc ising 
three day s per week at a minimum workload o f  4 0 %  of one 
repeti tion maximum , lifting 3 0  seconds at each of the eight 
stations · and resting 4-0 s-econds between s tations . Three 
sets were comple ted in approximate ly 3 2  minute s . Posttest 
measurements were obtained at the end of the 1 1  week train­
ing period for the s ame s ix variables measured during pre­
tes ting . 
A series of S tudent ' s  t tes ts for c orre lated means 
were performed on the exper imental and control groups using 
the prete s t  and pos tte s t  value s for the s ix variable s meas ­
ured ( total body we ight , body dens ity , percent body fat , 
lean body weight , muscular endurance ,  and muscul ar 
s trength ) . An analys i s  of variance was a l s o  performed on 
the dif ferenc e s  between pretest and pos ttes t  value s for 
each of the s ix variables to see if a differenc e  exi sted 
between groups . 
A summary of the results fol lows : 
1 .  There was · no s ignificant change in total body 
we ight as a result of the circuit we ight training program 
for the exper imental group . 
2 .  Body dens i ty increased s igni f icantly in the 
experimental group as a result of the c ircui t  we ight 
training program . 
3 .  A s igni f icant decreas e  occurred in percent 
body fat as a result of the c ircui t  weight traini ng pro­
gram in the experimental group . 
4 .  Lean body we ight for the exper imenta l group 
increased s igni f icantly as a result of the c ircu i t  weight 
training program . 
5 .  There was a s igni f icant increase in muscular 
endurance in the experimental group from pretest to pos t­
te st as a re sult of the c ircuit weight training program . 
6 .  Muscular strength increased s ignf iciantly in 
the experimental group as a result of the c ircuit we ight 
training program . 
7 .  There was no s ignificant change in any of 
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the s ix variable s measured ( total body we ight , body den­
sity , percent body fat , lean body we ight , mus cular endur­
ance and muscular s trength ) from prete s t  to po sttest  for 
the control group as a result of the circui t  weight train­
ing program . 
8 . Total body weight change was not s igni ficantly 
different for the experimental and control group s as a re­
sult of the c ircui t  we ight training program . 
9 .  Body density change was s igni f i c antly different 
as a result of the c ircuit weight training program when 
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experimental and control groups were compared . 
1 0 . A s ignif icant difference was observed be­
tween the experimental and control groups in percent body 
fat change as a result of the circuit weigh t  training pro­
gram . 
1 1 . When experimental and control groups were 
compared , a s ignif icant difference was evident in lean body 
weight change as a result of the circuit we ight training 
program . 
1 2 . I n  a compari son of experimental and contro l 
groups , a s igni f icant dif ference resulted in mus cular 
endurance change as a re sult of the circui t  weight train­
ing program . 
1 3 . Muscular s trength change was s igni f icantly 
different a s  a result of the c ircuit weight training pro­
gram when experimental and contro l groups were compared . 
Conc lus ions 
The fol lowing conc lus ions are drawn from data 
col lec ted during the 1 9 8 4  spring seme ster f rom 1 7  un­
trained females from the Brooking s communi ty and SDSU 
population . Once again , because of the sma l l  number of 
sub j ects partic ipating in thi s  study , the reader i s  
cautioned agains t general i z ing beyond thi s  group of  in­
dividuals . 
1 .  Thi s  c i rcuit weight training program wil l  not 
s igni f i cantly alter total body we ight in untrained fe­
males . 
2 .  Thi s  c i rcuit weight training program wi l l  
s ignif icantly increase body dens ity in untrained f emales . 
3 .  Thi s  c i rcuit weight training program wi l l  
s igni f icantly decrease percent body fat i n  untrained 
females . 
4 .  Thi s  c ircu�t weight training program wi l l  
s igni f icantly increase lean body weight i n  untrained fe­
male s . 
5 .  Thi s  c i rcuit weight training program wi l l  
s igni f icantly increase muscular enduranc e in untrained 
f emal es .  
6 .  Thi s c i rcuit weight training program will  
s igni f icantly increase muscular strength in untrained 
femal es .  
Impl ic at ion for Future Re search 
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Thos e  invo lved i n  physical education and athletics 
as we l l  as those interes ted in developing and maintaining 
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phy s ical f i tne s s  may find c ircuit weight tra ining to be 
advantageous for increasing body density , lean body weight , 
muscular endurance , and muscular s trength and decreas ing 
percent body fat . The primary advantage of  a c ircuit 
we ight training program s imi lar to thi s  one lies  in the 
fact that , because c ircuit weight training attends to 
more tha� one component of f itne s s , individual s  cou.ld ob­
tain the general phys ical activity they require with a 
3 2  minute workout three ·days per week . 
For researchers interes ted in exploring thi s  
fertile  area the fol lowing comments are of f ered . These 
recommendations , observations , and que s tions have ari sen 
out of thi s  inve stigation . 
Thi s inve s tigation only obtained data at prete st 
and po stte s t . I t  would be of interes t  to de termine at 
what time during the s tudy differences  began to surface . 
Thi s could be done by obtaining addi tional measure s at 
predetermined intervals between the pre and pos tte s t . 
Thi s s tudy used a minimum of a 4 0 %  o f  one repeti­
tion maximum in determining the weight l i f ted at each 
s tation . I t  would be of intere st to inve s ti gate lower 
repetition maximums to determine the minimum workload 
nec e s sary to induc e a s ignif icant change . I t  may be that 
a lower workload wou ld produce s imi lar s igni f icant change s .  
S ince thi s  s tudy invo lved limited partic ipation , 
it would be of interes t  to repl icate thi s  study with in-
creased partic ipation in both experimental and control 
group s . Thi s  would provide additional support for thi s  
research a s  well as the area of circui t  we ight training . 
Thi s s tudy inves tigated the effects of c ircuit 
weight training on s ix variables in untrained f emale s .  
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I t  would b e  of  interes t to investigate _ the ef fects on other 
-
variables  such as anaerobic and aerobic power . Perhaps 
it might be the case that such variables  would also 
change as a re sult of c i rcuit weight training . 
S ince thi s  s tudy investigated only untrained 
females , it  would be of intere st to examine the re sults 
us ing untrained male s . The compari sons be tween the sexe s 
would provide a more accurate picture _ for populations 
other than thos e  examined in thi s  study . 
More inve s tigation needs to be conducted concern-
ing c ircuit we ight training programs of high/low intens ity , 
different res t/exerc ise  ratios , and varying types of sta­
tions . Thi s  type of evaluation would provide valuable 
and more comprehens ive information , beyond the scope of 
thi s  investigation , concerning phys iological change s .  
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Appendix A 
CONSENT FOR PARTIC I PATION IN A RESEARCH STUDY 
I ,  s tate that I am 
at least eighteen ( 1 8 )  years of age and wish to participate 
in a research proj ec t being conduc ted by S tephen M .  
Woodden . I unders tand that the purpos e  of thi s  s tudy is  
to determine the ef fects of a c ircuit we ight training pro­
gram on body compo s ition � muscular endurance ,  and muscular 
s trength in untrained females .  The s tudy cons i s t s  of an 
exper imental group and a control group . . Both groups wi l l  
b e  measured a t  the beginning o f  the study and a t  the end 
for total body weight , body dens ity ,  percent body fat , 
lean body we ight , muscular endurance , and muscular 
s trength . The exper imental group wi l l  l i f t  we ights for 
11 consecutive week s , 3 day s per week for approximately 
one hour each s e s s ion . The control group wi l l  agree to 
have no change from the ir normal amount of phys ical 
activity for the 11 week period . The body compo s ition 
measurements obtained through underwater weighing wi ll 
require approximately one hour on each of the 2 days 
that measurements are taken . I have been informed of the 
procedure for c ircuit we ight training , and I unde rs tand 
what i s  required of me . I acknowledge that my 
7 4  
partic ipation i n  thi s  study is  on a voluntary bas i s  and 
that I may wi thdraw from thi s  study at any time . I under­
s tand that all results of this study wi l l  be kept conf i­
dential and that I may obtain my personal result s  if I 
so des ire . I freely and voluntarily agree to partic ipate 
in thi s  research s tudy . 




Are you currently be ing treated for any medical disorder ? 
I f  so , what?  
Do you have any musculo- ske letal problems that could be 
aggrevated by thi s  activity ?  
S ignature of volunteer 
Date 
7 5  
Apperrlix c 
RAW DATA 
Subj Grp Age HI' PRrBW PC:1lB-l PRBD roBD PR%BF PO%BF PRLBW OOI..BW PRME � PRMS I:XMS 
1 1 23 170 . 2  69 . 5  68 . 6  1 . 013 1 . 020 38 . 78 35 . 34 42 . 6  44 . 4  32 41 31 . 8  36 . 4  
2 1 21 157 . 5  62 . 3  60 . 9  1 . 037 1 . 039 27 . 26 26 . 50 45 . 3  44 . 8  56 65 50 . 0  52 . 3  
3 1 19 180 . 3  74 . 5  77 . 7  1 . 029 1 . 029 30 . 86 30 . 86 51 . 5  53 . 7  32 50 43 . 2  45 . 5  
4 1 20 160 . 0  62 . 3  65 . 0  1 . 037 1 . 043 27 . 35 24 . 65 45 . 2  49 . 0  40 62 38 . 6  43 . 2  
5 1 22 180 . 3  74 . 5  77 . 3  1 . 018 1 . 018 36 . 46 36 . 23 47 . 4  49 . 3  18 29 25 . 0  29 . 5  
6 1 19 170 . 2  55 . 5  55 . 9  1 . 042 · 1 . 043 24 . 88 24 . 53 4 1 . 7  42 . 2  30  36 34 . 1  36 . 4  
7 1 19 165 . 1  58 . 6  61 . 4  1 . 026 1 . 027 32 . 59 31 . 88 39 . 5  41 . 8  31  38  34 . 1  43 . 2  
8 1 21 165 . 1  56 . 4  55 . 0  1 . 044 1 . 046 24 . 32 23 . 16 42 . 6  42 . 3  32  39  34 . 1  38 . 6  
9 1 20 172 . 7  57 . 7  56 . 8  1 . 036 1 . 040 27 . 99 25 . 83 41 .'6 42 . 1  36  57 31 . 8  34 . 1  
10 1 29 175 . 3  66 . 4  64 . 5  1 . 044 1 . 049 24 . 25 2l . 84 50 . 3  50 . 5  37 46  36 . 4  38 . 6  
11 1 20 165 . 1  48 . 6  50 . 5  1 . 041 1 . 048 25 . 34 22 . 26 36 . 3  39 . 2  35  45 38 . 6  40 . 9  
12 1 23 170 . 7  55 . 9  55 . 5  1 . 037 1 . 042 27 . 37 25 . 06 40 . 6  41 . 5  48 54 40 . 9  43 . 2  
13 1 21 172 . 7  57 . 3  57 . 3  1 . 055 1 . 057 19 . 10 18 . 13 46 . 3  46 . 9  33  50 34 . 1  36 . 4  
14 2 30 152 . 4  50 . 0  46 . 8  1 . 037 1 . 040 27 . 15 26 . 05 36 . 4  34 . 6  25 ' 26 34 . 1  36 . 4  
15 2 19 160 . 0  52 . 7  53 . 6  1 . 047 1 . 043 22 . 97 24 . 66 40 . 6  40 . 4  22 22 29 . 5  29 . 5  
16 2 32 167 . 6  68 . 6  70 . 5  1 . 025 1 . 023 33 . 02 34 . 50 46 . 0  46 . 1  16 20 29 . 5  29 . 5  
17 2 24 165 . 1  55 . 5  55 . 0  1 . 042 1 . 042 25 . 22 24 . 84 41 . 5  41 . 3  28 24 29 . 5  29 . 5  
Note . Group !=experimental ; Group 2=control ; HI'=height , ern ;  PRI'BW=pretest total body weight , kg ; 
POI'BW=posttest total l:xrly weight , kg ; PRBD=pretest l:xrly density , g/ml ; POBD=posttest l:xrly density ,  
g/ml ; PR%BF=pretest percent l:xrly fat; ffi%BF=posttest percent body fat; PRLBW=pretest lean body weight , 
kg; roLBW=p:>sttest lean body ·weight , kg; PRME=pretest muscular endurance , no .  of reps ; R:ME={X>sttest 
muscular endurance , no. of reps ; PRMS=pretest muscular strength, kg ; P<MS=posttest muscular strength , 
kg.  
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